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(54) An imaging apparatus with video data transmission 



. (57) A communication circuit transmits the digital 
video signal to a transmission line and receives a clock 
signal and timing data transmitted through the transmis- 
sion line. The timing data indicates a communication 
timing. A timing signal generation circuit generates tim- 
ing signals from the detected clock signal to control the 
imager, the a/d converting circuit, the signal processing 
circuit, and the communication circuit. A communication 
control circuit detects a communication timing from the 
timing data, judges whether the communication timing 
Is detected within a predetermined condition (communi- 
cation error), and controls the timing signal generation 



circuit to stop transmitting the digital video signal when 
the communication timing is not detected within the pre- 
determined condition to prevent a fail in transmitting the 
video data. A shutter interval of the imager is further con- 
trol led toward a constant shutter interval in response to 
the communication error. The video signal is stored in a 
memory in response to the communication error and 
read if the communication error eliminated. The com- 
munication error is displayed. A system" control signal 
indicative of data transmission period is generated in re- 
sponse to a received cycle start packet in accordance 
with the obtained data rate and channel timing. 
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Description 

[0001] This invention relates to an innaging apparatus 
for receiving an image, generating video data from the 
image received by a camera, and transmitting the video 
data. 

[0002] An imaging apparatus for receiving an image 
by a camera, generating video data from the received 
image, and transmitting the video data is known. In this 
prior art imaging apparatus, a clock signal is received 
by a transmitting and receiving circuit and the imager of 
the imaging apparatus is synchronously operated with 
the received clock signal. Such a prior art imaging ap- 
paratus is disclosed in Japanese patent application pro- 
visional publication No. 9-130655. Fig. 13 is a block di- 
agram ot a prior art imaging apparatus tor receiving an 
image by a camera, generating video data from the re- 
ceived image, and transmitting the video data. The prior 
art imaging apparatus includes: an Imager 101 for gen- 
erating an image signal from the image formed by a lens 
101a, a pre-processing circuit 102 for pre-processing 
the image signal, an a/d converter 103 for a/d-convert- 
ing the image signal from the pre-processing circuit 1 02, 
a signal processing circuit 1 04 for processing the image 
signal from the a/d converter 104 to generate a digital 
video signal, a transmission/receiving circuit 106 for 
transmitting the digital video signal and extracting a 
clock signal from a serial signal, a PLL circuit 110 for 
frequency-multiplying the clock signal to generate an- 
other clock signal, a transmissiori/receiving timing gen- 
eration circuit 109 for generating a timing signal for the 
transmission/receiving circuit 106, a signal processing 
timing generation circuit 108 for generating timing sig- 
nals for the pre-processing circuit 102, the a/d converter 
1 03. and the signal processing circuit 1 04, and a driving 
timing generation circuit 1 07 for generating a driving tim- 
ing signal, and a driving circuit 1 05 for generating a driv- 
ing signal for the imager 101 from the driving timing sig- 
nal. 

[0003] The aim of the present invention is to provide 
a superior imaging apparatus and to provide a superior 
imaging, apparatus for continuously transmitting video 
data without noise or disturbance in the reproduced im- 
age though the communication cycle timing is not de- 
tected temporarily 

[0004] According to the inventbn, there is provided a 
first imaging apparatus including: an imager; an optical 
unit for receiving and forming an image on the imager 
which generates an image signal from the innage; an a/ 
d converter for a/d-converting the image signal; a signal 
processing circuit for processing the image signal from 
the a/d converter to generate a digital video signal; a 
communication circuit for transmitting the digital video 
signal to a transmission line and receiving a clock signal 
and timing data transmitted through the transmission 
line, the timing data indicating a communication timing; 
a clock signal detection circuit for detecting the clock 
signal received by the communication circuit; a timing 



signal generation circuit for generating liming signals 
from the detected clock signal to control the imager, the 
a/d converter, the signal processing circuit, and the com- 
munication circuit; and a communication control circuit 
5 for detecting a communication timing from the timing da- 
ta, judging whether the communication timing Is detect- 
ed within a predetermined condition, and controlling the 
timing signal generation circuit to stop transmitting the 
digital video signal when the communication timing is 

TO not detected within the predetermined condition. 

[0005] In the first imaging apparatus, the communica- 
tion circuit may receive a communication cycle header 
as the timing data and the communication control circuit 
detects an error in the communication cycle header from 

>5 the transmitting and receiving circuit and judges that the 
communication timing is not received within the prede- 
termined condition when the error is detected. 
[0006] In the first imaging apparatus, the communica- 
tion control circuit may control the timing signal gener- 

20 atlon circuit to slop operations of the imager, the a/d- 
converter, the signal processing circuit, and the commu- 
nication circuit when the communication timing is not de- 
tected within the predetermined condition. 
[0007] The first imaging apparatus may further in- 

25 dude a shutter controlling circuit for controlling a shutter 
interval of the Imager in accordance with the detected 
clock signal when the communication timing is detected 
within the predetermined condition and controlling the 
shutter interval of the imager in response to the detected 

30 error toward a predetermined shutter interval. 

[0008] The first imaging apparatus may further in- 
clude a storing circuit for storing the digital video signal, 
wherein the communication control circuit operates the 
storing circuit to store the digital video signal when the 

35 communication control circuit judges the communica- 
tion timing is not detected within the predetermined con- 
dition and operates the stonng circuit to read the digital 
video signal to supply the read digital video signal to the 
communication circuit when the communication control 

40 circuit judges the communication timing is detected 
again within the predetermined condition. 
[0009] The first imaging apparatus may further in- 
clude a display, wherein the communication control cir- 
cuit operates the display to inform that the communlca- 

45 tion control circuit judges the communication timing is 
not detected within the predetermined condition. 
[001 0] According to this invention, there is provided a 
second imaging apparatus including: an imager; an op- 
tical unit for receiving and forming an image on the im- 

50 ager which generates an Image signal from the Image; 
an a/d converter for a/d-converting the image signal, a 
signal processing circuit for processing the image signal 
from the a/d converter to generate a digital video signal; 
a communication circuit for transmitting the digital video 

55 signal to an external communication apparatus trans- 
mitting the timing data indicative of a communication cy- 
cle and receiving the timing data from the external com- 
munication apparatus; a clock signal detection circuit for 
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detecting a clock signal received by the comnnunication 
circuit; a timing signal generation circuit for generating 
timing signals from the detected clock signal to control 
the imager the a/d converter the signal processing cir- 
cuit, and the communication circuit: and a data trans- 
mission interval signal generation circuit for detecting a 
communication timing from the timing data and gener- 
ating a transmitting interval signal indicative of a trans- 
mitting interval and a transmitting stop interval, wherein 
the communication circuit transmits the digital video sig- 
nal only for the transmitting interval. 
[CX)11] In the second imaging apparatus, the data 
transmission interval signal generation circuit delects 
transmission data rate data and channel data from the 
transmitting and receiving circuit to generate the trans- 
mitting interval signal. 

[(X)12] In the second imaging apparatus, wherein the 
timing signal generation circuit stops generating the tim- 
ing signals to stop operations of the imager, the a/d-con- 
verter, the signal processing circuit, and the transmitting 

circuit. 

[001 3] The second imaging apparatus may further in- 
cludes a shutter interval control circuit for controlling a 
shutter interval of the imager toward a predetermined 
interval during the transmitting stop interval. 
[001 4] The second ima^ng apparatus may further in- 
clude a memory responsive to the transmission interval 
signal for storing the digital video signal for the trans- 
mission stop interval and reading and supplying the read 
digital video signal tothe communication circuit to trans- 
mit the read digital video signal for the transmission in- 
terval. 

[0015] The second imaging apparatus may further in- 
clude a further-comprising a display for informing that it 
is during the transmission stop interval. 
[0016] In the first imaging apparatus, the communica- 
tion control circuit detects an error in the communication 
circuit, and controls the timing signal generation circuit 
to stop transmitting the digital video signal in the pres- 
ence of the error. 

[0017] In this case, the communication control circuit 
judges whether the clock signal is detected within a ref- 
erence condition to detect the error, and controls the tim- 
ing signal generation circuit to stop transmitting the dig- 
ital video signal in the presence of the error. 
[0018] In this case, the communication control circuit 
detects a communication timing from the timing data, 
judges whether the communication liming is detected 
within a predetermined condition to detect the error, and 
controls the timing signal generation circuit to stop trans- 
mitting the digital video signal in the presence of the er- 
ror. 

[0019] The aim and features off the present invention 
will become more readily apparent from the following 
detailed description of exemplary embodiments and the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of an imaging apparatus 



with video data transmission according to a first em- 
bodiment; 

Figs. 2A to 2D are illustrations of data arrangement 
according to the first embodiment; 
5 Fig. 3 depicts a flow chart of the first embodiment 

showing the operation of the communication control 

circuit shown in Fig. 1; 

Figs. 4A and 4B are time charts of this embodiment 
showing operation of the communication control cir- 
10 cuil shown in Fig. 1 ; 

Fig. 5 is a block diagram of the imaging apparatus 
of a second embodiment; 

Fig. 6 is a block diagram of the imaging apparatus 
of a third embodiment; 
IS Fig. 7 is a block diagram of the imaging apparatus 
of a fourth embodiment; 

Fig. 8 is a block diagram of an imaging apparatus 
with video data transmission according to a fifth em- 
bodiment; 

20 Figs, 9A to 9C are timing charts of the fifth embod- 
iment which are also referred in the seventh embod- 
iment; 

Fig. IDA depicts a flow chart of the transmission in- 
terval determining circuit shown in Fig. 8; 

25 Fig. 10B depicts a flow chart of the system timing 
generation circuit shown in Fig. 8; ^-^ 
Fig. 11 is a block diagram of the imaging apparatus 
of a sixth embodiment; v 
Fig. 1 2 is a block diagram of the imaging apparatus . 

30 of a seventh embodiment; and 

Fig. 1 3 is a block diagram of a prior art imaging ap- 
paratus. 

[0020] The same or corresponding elements op parts 
35 are designated with like references throughout- the 

drawings. 

<Fl RST EMBODl MENT> 

40 [0021] Fig. 1 is a block diagram of an imaging appa- 
ratus with video data transmission according to a first 
embodiment. 

[0022] The imaging apparatus of the first embodiment 
includes: an imager 1, an optical lens la for receiving 
45 and forming an image on the imager 1 which generates 
an image signal from the image, a pre-processing circuit 

2 for pre-processing the image signal, an a/d converter 

3 for a/d-converting the image signal from the pre- 
processing circuit 2, a signal processing circuit 4 for 

50 processing the image signal from the a/d converter 4 to 
generate a digital video signal, a communication circuit 
6 for transmitting the digital video signal to a transmis- 
sion line 12 with a transmission circuit 6a and a trans- 
mission/receiving circuit 6c. Moreover, the communica- 

55 tion circuit 6 receives a clock signal, a cycle start packet 
(timing data), and control data transmitted througfi the 
transmission line 1 2 with the transmission/receiving cir- 
cuit 6c, a clock signal detection circuit 6d, and a control 
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circuit 6b. 

[0023] The imaging apparatus further includes a PLL 
(phase-bcked loop) circuit 10 for frequency-nnultiplying 
the clock signal from the clock signal detecting circuit 
6e to generate a system clock signal 1 0a, a timing signal 
generation circuit 13 for generating timing signals from 
the system clock signal to control the imager 1 , the pre- 
processing circuit 2, the a/d converter 3, the signal 
processing circuit 4. and the communication circuit 6, 
and a communication control circuit 11 responsive to 
clock signal from the clock signal detection circuit 6 and 
the system clock signal 10a for detecting the header 
from the transmission/receiving circuit 6c to detect a 
communication timing from the header, judging whether 
the communication timing is correctly detected, that is, 
the communication timing is detected within a predeter- 
mined condition, and controlling the timing signal gen- 
eration circuit 13 to stop transmitting the digital video 
signal when the communication timing Is not detected 
within the predetermined condition. 
[0024] The communication control circuit 11 isturther 
responsive to a timer lla for judging whether the com- 
munication timing is detected within the predetermined 
condition. That is, the communication control circuit 11 
judges the communication timing becomes within a pre- 
determined interval from the previous communication 
timing with the timer 11a. 

[0025] The timing data indicates a communication 
timing and a communication cycle. The clock signal de- 
tection circuit 6d detects the clock signal received by the 
transmission/receiving circuit Sc. 
[0026] Operation of the imaging apparatus will be de- 
scribed with assumption that a transmission method ac- 
cording to IEEE1394 is used. 

[0027] Figs. 2 A to 2D are illustrations of data arrange- 
ment according to the first embodiment. Fig. 3 depicts 
a flow chart of the first embodiment showing the-opera- 
tion of the communication control circuit 11 . 
[0028] The optical lens la receives and forms an im- 
age on the imager 1 which generates the image signal 
from the image. The pre-processing circuit 2 pre- 
processing the image signal. For example, the pre- 
processing circuit 2 effects the correlation double sam- 
pling, the automatic gain controlling, etc. The a/d con- 
verter 3 a/d-converts the image signal from the pre- 
processing circuit 2 to output a digital image signal. The 
signal processing circuit 4 processes the digital image 
signal from the a/d converter 4 to generate a digital video 
signal including a luminance signal Y. color difference 
signals U and V and effects video signal processes in- 
cluding the white balance adjustment, the gamma 
processing, etc. to output the digital video signal. More 
specifically, the imager 1 supplies the image signal eve- 
ry pixel to the transmission circuit 6a through the pre- 
processing circuit 2, the a/d converter 3, the signal 
processing circuit 4 in response to the timing signals 
from the driving timing signal generation circuit 7, and 
the signal processing timing signal generation circuit 8. 



[0029] In Fig. 2A. a cycle start packet CSP is trans- 
mitted from the transmission line 12. Following to the 
cycle start packet CSP. a first channel (CHI) of data is 
transmitted. Following to the first channel (CHI) of data, 

s a second channel (CH2) of isochronous data is trans- 
mitted from this imaging apparatus. 
[0030] In Figs. 2B and 2C, it is assumed that lumi- 
nance data Y. the color difference data and the color 
difference data V are transmitted at a ratio of 4: 1 : 1 . 

10 The transmission circuit 6a generates a serial data train 
including an isochronous header ISOH at the beginning 
of the serial data train, the video data of a first horizontal 
line and the video data of second horizontal line, and 
error check code CR at the end of the serial data train 

'5 in response to every cycle start packet CSP transmitted 
by a cycle master apparatus (not shown) coupled to the 
transmission line 12 as shown in Fig. 2B. Each line of 
the video data includes video data of U1, Y1, Y2. VI, 
Y3, Y4, U2to Yn as shown in Fig. 2C. That is, one pieces 

20 of each color differential data U and V are transmitted 
every four pieces of luminance data. Two horizontal 
lines of video data (Fig. 2D) is transmitted in one slot of 
the second channel CH2. 

[0031] The cycle start packet CSP includes a header 

^5 and CRC data of the header as shown in Fig. 2B. 

[0032] The driving timing signal generation circuit 7., 
the signal processing timing signal generation circuit 3, 
and the transmission timing signal generation circuit 9 
controls the transmission timing of respective driving cir- 

30 cuit 5, the pre-processing circuit 2, the a/d converter 3, 
the signal processing circuit 4. and the communication 
circuit 6 in response to the system clock 10a generated 
by the PLL circuit 10 or a clock generated by a crystal 
oscillator (not shown ) provided in the imager 1 . The 

35 communication control circuit 1 1 controls the driving tim- 
ing signal generation circuit 7, the signal processing tinn- 
ing signal generation circuit 8, and the transmission tim- 
ing signal generation circuit 9 when an error occurs in 
communication cycle timing. That is, when an error oc- 

40 curs in communication cycle timing, the communication 
control circuit 11 stops supplying the system clock 10a 
to the timing signal generation circuit 1 3 or supplying the 
system clock 10a but disables the driving timing signal 
generation circuit 7. the signal processing timing signal 

45 generation circuit 8, and transmission timing signal gen- 
eration circuit 9. Moreover, it is also possible that the 
communication control circuit 1 1 directly controls the irri- 
ager 1 . the pre-processing circuit 2, the a/d converter 3, 
the signal processing circuit 4, and the transmission cir- 

so cuit 6a to stop their operations when the error in the com- 
munication cycle. 

[0033] The transmission/receiving circuit 6c receives 
a multiplexed clock signal and a cycle start packet CSP 
transmitted through the transmission line 12. The clock 
5S signal detection circuit 6d detects the multiplexed clock 
signal transmitted through the transmission line 1^ and 
generates a system clock 10a. 

(0034] Fig. 3 depicts a flow chart of the first embodi- 
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ment showing operation of the comnnunication control 
circuit 11 . 

[0035] The communicatbn control circuit 1 1 detects 
the header CSPH of the cycle start packet CSP (com- 
munication cycle header) received by the transmission/ s 
receiving circuit 6c in step ST1. In the following step 
ST2, the communication control circuit 11 effects the 
CRC (cyclic redundancy check) operation to the data of 
the header and compares the result of the CRC opera- 
tion with the CRC data added to the cycle start packet io 
CSP to check whether there is a communication cycle 
error in step ST3. When there in no communication error 
in step ST3, that is, the communication control circuit 11 
judges that the communication timing is detected within 
the predetermined condition, the communication control '5 
circuit 11 continues to supply the system clock 10a to 
the timing signal generation circuit 1 3 to enable opera- 
tions of the imager 1 , the pre-processing circuit 2, the 
a/d converter 3, the signal processing circuit 4, the trans- 
mission circuil 6a and the transmission portion of the 20 
transmission/receiving circuit 6c. If there is a communi- 
cation cycle error, that is, the communication control cir- 
cuit 11 judges that the communication timing is detected 
without the predetermined condition, the communica- 
tion control circuit 11 stops supplying the system clock 2S 
1 0a to the timing signal generation circuit 1 3 to stop (dis- 
able) operations of the imager 1 , the pre-processing cir- 
cuit 2, the a/d converter 3, the signal processing circuit 
4. the transmission circuit 6a and the transmission por- 
tion of the transmission/receiving circuit 6c. When the 30 
following cycle start packet is received again without 
communication error in step ST3, the communication 
control circuit 11 starts to supply the system clock 10a 
(enable) to the timing signal generation circuit 13 to en- 
able operations of the imager 1 , the pre-processing cir- 35 
cuit 2, the a/d converter 3, the signal processing circuit 
4, the transmission circuit 6a and the transmission por- 
tion of the transmission/receiving circuit 6c. 
[0036] The communication control circuit 11 obtains 
one of channels, for example., channel two GH2. Then, 40 
the communication control circuit 11 transmits the serial 
data including the isochronous header ISOH, consecu- 
tive two horizontal lines of the video data (video signal), 
and the error check code CR at the timing of the channel 
two CH2 which is a predetermined interval after the cy- ^5 
cle start packet CSP. 

[0037] The communication control circuit 11 is further 
detects the communication error. That is. the communi- 
cation control circuit 11 is further responsive to a timer 
tia for judging whether the cycle start packet CSP is de- 50 
tected within the predetermined interval from the previ- 
ous cycle start packet with the timer 11a. Moreover, the 
communication control circuit 11 detects that the clock 
is not detected within the predetermined condition. That 
is, the communication control circuit 11 judges whether ss 
the clock signal is detected within a predetermined in- 
terval which is slightly longer than the clock cycle. 
[0038] The cycle start packet (timing data) CSP indi- 



cates a communication timing of the obtained channel 

and the communication cycle. 

[0039] Figs. 4A and 4B are time charts of this embod- 
iment showing the operation of the communication con- 
trol circuit 11. When the communication error, that is. 
there is an error in the data in the header CSPH of the 
cycle start packet CSP at tO, the system clock from the 
communication control circuit 11 is stopped, so that no 
video data is transmitted. When the header CSPH of the 
cycle start packet CSP is correctly detected again, the 
system clock from the communication control circuit 11 
is supplied again, so that video data (digital video signal) 
is transmitted. 

<SECOND EMBODIMENT> 

[0040] Fig. 5 is a block diagram of the imaging appa- 
ratus of a second embodiment. 

[0041] The structure of the imaging apparatus of the 
second embodiment is substantially the same as that of 
the first embodiment. The difference is that a communi- 
cation trouble display 16 including an LED is further pro- 
vided. When the communication control circuit 11 de- 
tects the communication error, the communicatbn trou- 
ble display 16 display the occurrence of the communi- 
cation error. Moreover, the communication control cir- 
cuit 11 transmits the data of communication error to an 
external computer to check the communication quality. 

<THIRD EMBODIMENT> 

[0042] Fig. 6 is a block diagram of the imaging appa- 
ratus of a third embodiment. u 
[0043] The structure of the imaging apparatus of the 
third embodiment is substantially the same as that of the 
first embodiment. The difference is that a shutter interval 
control circuit 5a is further provided. 
[0044] If the communication error occurs, the shutter 
interval will be extended because the shutter inten^al is 
controlled in accordance with the number of pulses of 
the clock signals or the cycle start packet CSP To pre- 
vent the extension of the shutter interval, when the com- 
munication control circuit 11 detects the communication 
error, the communication control circuit 11 operates the 
shutter interval control circuit 5a to control a shutter in- 
terval of the imager 1 toward a predetermined shutter 
interval. More specifically, when the communication er- 
ror is detected because the clock signal cannot be de- 
tected, a count value of a counter (not shown) for count- 
ing pulses of the system clock 10a which is supplied 
from the PLL circuit 10 via the communication control 
circuit 11 is increased by a predetermined value or a set 
value to be compared with the count value in the counter 
may be decreased by a predetermined value to make 
the shutter interval constant. Moreover, it is also possi- 
ble that in response to start of exposure, a timer (not 
shown) measures a predetermined interval and the 
shutter closing timing is determined in accordance with 
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either the timer or the counter which becomes the shut- 
ter closing timing earlier to make the shutter interval con- 
stant. 

<FOURTH EMBODIMENT> 

[0045] Fig. 7 is a block diagram of the imaging appa- 
ratus of a fourth embodiment. 

[0046] The structure of the imaging apparatus of the 
fourth embodiment is substantially the same as that of 
the first embodiment. The difference is that a FIFO (first- 
in first-out) memory circuit 1 4 anda FIFO reading/writing 
timing signal generation circuit 15 are further provided. 
[0047] When there is no communicatbn error, the dig- 
ital video signal from the signal processing circuit 4 is 
immediately supplied to the transmission circuit 6a 
through through the Fl FO memory circuit 1 4. On the oth- 
er hand, when the communication error is detected, the 
communication control circuit 11 operates the FIFO 
reading/writing timing signal generation circuit 15 to 
temporally store the digital video signal from the signal 
processing circuit 4 and. When the communication error 
eliminates, the communication control circuit 11 oper- 
ates the FIFO reading/writing timing signal generation 
circuit 15 to read the stored the digital video signal to 
supply the read digital video signal to the transmission 
circuit 6a to transmit the digital video signal to the trans- 
mission tine 12. 

[0048] As mentioned: if the communication error oc- 
curs, the Imager 1 , the pre-processing circuit 2, the a/d 
converter 3, the signal processing circuit 4, and the FIFO 
memory circuit 1 4 are continuously operated, so that the 
image represented by the digital video data is continu- 
ously transmitted. 

[0049] . If the communication error occurs because the 
clock signal cannot be detected by the cipck signal de- 
tection circuit 6d, the PLL circuit 10 generates the sys- 
tem clock signal 10a at a lowest frequency, so that it is 
desirable that the shutter interval control circuit 5a men- 
tioned in the third embodiment is provided. 

<FIFTH EMBODIMENT> 

[0050] Fig. 8 is a block diagram of an imaging appa- 
ratus with video data transmission according to a fifth 
embodiment. 

[0051 ] The imaging apparatus of the fifth embodiment 
includes: an imager 21 , an optical lens 21a for receiving 
and forming an image on the imager 21 which generates 
an Image signal from the Image, a pre-processing circuit 

22 for pre-processing the image signal, an a/d converter 

23 for a/d-converting the image signal from the pre- 
processing circuit 22, a signal processing circuit 24 for 
processing the image signal from the a/d converter 24 
to generate a digital video signal, a communication cir- 
cuit 26 for transmitting the digital video signal to the 
transmission line 12 with a transmission circuit 26a and 
a transmission/receiving circuit 26c. Moreover, the com- 



munication circuit 26 receives a clock signal, a cycle 
start packet (communication timing data), and control 
data transmitted through the transmission line 12 with 
the transmission/receiving circuit 26c. a clock signal de- 

5 tection circuit 26d, a transmission interval determining 
circuit 26e, and a control circuit 26b. 
[0052] The Imaging apparatus further Includes a PLL 
circuit 30 for frequency-multiplying the clock signal from 
the clock signal detecting circuit 26e to generate a sys- 

10 tem clock signal 30a, a system timing generation circuit 
31 tor generating a system control signal from the sys- 
tem clock signal to supply the system clock signal and 
the system control signal to the timing signal generation 
circuit 33. 

15 [0053] The structure of the Imaging apparatus of the 
fifth embodiment Is substantially the same as that of the 
first embodiment. The difference is that the transmission 
interval determining circuit 26e is added and the com- 
munication control circuit 11 is replaced with the system 

20 timing generation circuit 31 . A display 32 may be further 
provided. The timing signal generation circuit 33 in- 
cludes a driving timing signal generation circuit 27 for 
the drive circuit 25 and the imager 21 , a signal process- 
ing timing signal generation circuit 28 for the pre- 

25 processing circuit 22; the a/d converter 23= and the sig- 
nal processing circuit 24, and a transmission timing sig^ 
nal generation circuit 29 for the communication circuit 
26. 

[0054] The basic operations of the imager 21 , the pre- 
30 processing circuit 22, the a/d converter 23, the signal 
processing circuit 24, the communication circuit 26, and 
the timing signal generation circuit 33 are similar to 
those of the first embodiment. The difference is that the 
transmission interval determining circuit 26e obtains a 
35 data rate and obtains (right of) a channel of isochronous 
data and the system timing generation circuit 31 gener- 
ates the system control signal indicative of a transmis- 
sion interval. 

[0055] Figs. 9A to 9C are timing charts of the fifth em- 

40 bodiment which are also referred in the seventh embod- 
iment. Fig. IDA depicts a flow chart of the transmission 
interval determining circuit 26e and Fig. 10B depicts a 
flow chart of the system timing generation circuit 31 . 
[0056] The transmission interval determining circuit 

45 26 e detects the data rate, a communication start timing, 
a data length of a packet from the transmission and re- 
ceiving circuit 26c. More specifically, the transmission 
inten^al determining circuit 26c obtains the data rate in 
step ST21. In the following step ST22, the transmission 

50 interval determining circuit 26e obtains one of channels 
of isochronous data (obtains the right of one channel). 
Then, the transmission interval determining circuit 26e 
calculates intervals T1 and T2 in step ST23 and sends 
the data of intervals T1 and T2 to the system timing gen- 

55 eration circuit 31. 

[0057] The system timing generation circuit 31 g'ener- 

ates the system control signal as follows: 

[0058] In step ST24. the system timing generation cir- 
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cuit 31 checks whether the cycle start packet CSP is 
transmitted by checking the transmission/receiving cir- 
cuit 26c. If there is a cycle start packet CSP is present, 
as shown in Fig. 9B, the system timing generation circuit 
31 makes the logic level of the system control signal to 
L after the cycle start packet CSP by the interval T1 in 
step ST25 and then, after the cycle start packet CSP by 
the interval T2, the system timing generation circuit 31 
makes the logic level of the system control signal to H 
in step ST26. The system timing generation circuit 31 
supplies the system control signal and the system clock 
signal to the timing signal generation circuit 33. 
[0059] As shown in Fig. 9A. it is assumed that the 
transmission interval determining circuit 26e obtains the 
channel CH2, the transmission interval determining cir- 
cuit 26e calculates the interval T1 from the cycle start 
packet CSP to the beginning of the channel CH2 and 
the transmission interval determining circuit 26e calcu- 
lates the interval T2 from the data rate and the data 
length. Then, ihe liming signal generation circuit 31 gen- 
erates the timing signals for intervals T3: T5, and T7. 
On the other hand, for the interval T4. the timing signal 
generation circuit 31 does not generates the timing sig- 
nals for the imager 2i tne pre-processing circuit 22. the 
a/d converter 23 the o^qocjl proccostnq circuit 24, and 
the transmission circuit 26h but iho system timing gen- 
eration circuit 31 continuously monitors the cycle start 
packet for the interval T4 When a cycle header error 
occurs, that is, the cycle start packet CSP cannot be de- 
tected or a data error occurs in the header of the cycle 
. start packet CSP at II. the system control signal remains 
H logic level until the next cycle start packet CSP1 as 
shown in Fig. 9B. 

[0060] As mentioned, the operations of the imager 21 , 
the pre-processing circuit 22, the a/d converter 23, the 
signal procesising circuit, and. the transmission circuit 
26a are stopped and effected only tor the transmission 
interval, so that the video data is transmitted only for the 
transmission intervals as shown in Fig..9C. Accordingly, 
a power consumption is reduced and undesired electro- 
magnetic emission is suppressed. 
[0061] The transmission stop interval may be in- 
formed by the display .32. 

<SIXTH EMBODIMENT> 

[0062] Fig. 11 is a block diagram of the imaging ap- 
paratus of a sixth embodiment. 

[0063] The structure of the imaging apparatus of the 
sixth embodiment is substantially the same as that of 
the fifth embodiment. The difference is that a shutter 
control circuit 25a is further provided. 
[0064] If the communication error occurs, the shutter 
inten/al will be extended because the shutter interval is 
controlled in accordance with the number of pulses of 
the clock signals or the cycle start packet. To prevent 
the extension of the shutter interval, when the system 
timing generation circuit 31 detects the communication 



error, the communication control circuit 1 1 operates the 
shutter control circuit 25a to control a shutter interval of 
the imager 1 toward a predetermined shutter interval. 
More specifically, when the communication error is de- 

5 tected because the clock signal cannot be detected, a 
count value of a counter (not shown) in the shutter in- 
terval control circuit 25a for counting pulses of the sys- 
tem clock 30a from the system timing generation circuit 
31 may be increased by a predetermined value to make 

10 the shutter interval constant. Moreover, it is also possi- 
ble that a set value to the counter to be compared with 
the count value in the counter may be decreased by a 
predetermined value to make the shutter interval con- 
slant, f^oreover, it is also possible that in response to 

IS start of exposure, a timer (not shown) in the shutter in- 
terval control circuit 25a measures a predetermined in- 
terval and the shutter closing timing is determined in ac- 
cordance with either the timer or the counter which be- 
comes the shutter closing timing eartler to make the 

20 shutter interval constant. 

<SEVENTH EMBODIMENT> 

[0065] Fig. 12 is a block diagram of the imaging ap- 

2S paratus of a seventh embodiment. 

[0066] The structure of the imaging apparatus of -the 
seventh embodiment is substantially the same as that 
of the fifth embodiment. The difference is that a FIFO 
memory circuit 34 and a FIFO reading/writing timing sig- 

30 nal generation circuit 35 are further provided. 

[0067] When there is no communication error, the dig- 
ital video signal from the signal processing circuit 24 is 
immediately supplied to the transmission circuit 26a 
through the FIFO memory circuit 34 during the transmis- 

35 sion intervals. On the other hand, during transmission 
stop intervals; the. system timing generation circuit 31 
operates the FIFO reading/writing timing signal gener- 
ation circuit 35 to temporally store the digital video signal 
from the signal processing circuit 24. If a communication 

40 error occurs during transmission stop interval and then, 
the communication error eliminates, the system timing 
generation circuit 31 operates the FIFO reading/writing 
timing signal generation circuit 35 to read the stored the 
digital video signal to supply the read digital video signal 

45 to the transmission circuit 26a to transmit the digital vid- 
eo signal to the transmission line 12. 
[0068] As mentioned, if the communication error oc- 
curs at t1 as shown in Fig. 9A, the imager 21 , the pre- 
processing circuit 22, the a/d converter 23, the signal 

50 processing circuit 24, and the FIFO memory circuit 34 
are operated, so that the image represented by the dig- 
ital video data is temporally stored and transmitted in 
response to detection of the next cycle start packet 
CSP1 as shown in Fig. 9A. 

55 [0069] If the communication error occurs because the 
clock signal cannot be detected by the clock signal de- 
tection circuit 6d, the PLL circuit 10 generates the sys- 
tem clock signal 10a at a lowest frequency, so that it is 
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desirable that the shutter interval control circuit 5a men- 
tioned in the sixth embodiment is provided 
[0070] As mentioned, transmission of video data is 
stopped when the timing data is not detected from the 
transmission line 12 or a transmision error occurs, so 
that it is possible to prevent generation of noise or dis- 
turbance in the reproduced image. Moreover, the sys- 
tem control signal indicating the transmission interval is 
generated from the data rate from the transmission tine 
and the obtained channel, so that the video data is trans- 
mitted only for the transmission possible interval, so that 
a power consumption is reduced and undesired electro- 
magnetic emission is suppressed. 

Claims 

1. An imaging apparatus comprising: 



3- An imaging apparatus according to claim 1 or 2, 
wherein said communication control means con- 
trols said timing signal generation means to stop op- 
erations of said imaging means, said a/d-con verting 
s means, said signal processing means, and said 
communication means when said communication 
timing is not detected within said predetermined 
condition. 

10 4. An imaging apparatus according to claim 1 , 2 or 3, 
further comprising shutter controlling means for 
controlling a shutter interval of said imaging means 
in accordance with said detected clock signal when 
said communication timing is detected within said 

15 predetermined condition and controlling said shut- 
ter interval of said imaging means in response to 
said detected error toward a predetermined shutter 
interval. 



imaging means (1, 5); 20 
optical means (la) for receiving and forming an 
image on said imaging means which generates 
an image signal from said image; 
a/d converting means (3) for a/d-converting 
said image signal; 2S 
signal processing means (4) for processing 
said image signal from said a/d converting 
means to generate a digital video signal; 
communication means (6) for transmitting said 
digital video signal to a transmission line and 30 
receiving a clock signal and timing data trans- 
mitted through said transmission line, said tim- 
ing data indicating a communication timing; 
clock signal detection means (6d) for detecting 
said clock signal received by said comrtiunica- 3S 
tion means; 

timing signal generation means (7-10) for gen- 
erating timing signals from said detected clock 
signal to control said imaging means, said a/d 
converting means, said signal processing 40 
means, and said communication means; and 
communication control means (11) for detect- 
ing a communication timing from saidtiming da- 
ta, judging whether said communication timing 
is detected within a predetermined condition, 4S 
and controlling said timing signal generation 
means to stop transmitting said digital video 
signal when said communication timing is not 
detected within said predetermined condition. 

so 

2. An imaging apparatus as claimed in claim 1 , where- 
in said communication means receives a communi- 
cation cycle header as said timing data and said 
cornnpunication control means detects an error in 
said communication cycle header from said com- ss 
munication means and judges that said communi- 
cation timing is not received within said predeter- 
mined condition when said error is detected. 



5. An imaging apparatus according to any one of 
claims 1 to 4, further comprising storing means for 
storing said digital video signal, wherein said com- 
munication control means operates said storing 
means to read said digital video signal to supply 
said digital video signal from said storing means to 
said communication means when said communica- 

- tion control means judges that the communication 
timing is not detected within the predetermined con- 
dition and then, judges that said communication 
timing is received again within said predetermined 
condition. 

6. An imaging apparatus according to any one of 
claims 1 to 5, further comprising display means, 
wherein said communication control means oper- 
ates said display means to inform that said commu- 
nication control means judges said communication 
timing is not received within said predetermined 
condition 

7. An imaging apparatus comprising: 

imaging means (1); 

optical means (la) for receiving and forming an 
image on said imaging means which generates 
an image signal from said image; 
a/d converting means (3) for a/d-converting 
said image signal; 

signal processing means (4) for processing 
said image signal from said a/d converting 
means to generate a digital video signal; 
communication means (6) for transmitting said 
digital video signal to a transmission line which 
transmits timing data indicative of a communi- 
cation cycle and a clock signal, said communi- 
cation means receiving said timing data and 
said clock signal; 

clock signal detection means (6d) for detecting 
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said clock signal received by said communica- 
tion means; 

timing signal generation means (7-10) for gen- 
erating timing signals from said detected clock 
signal to control said imaging means, said a/d s 
converting means, said signal processing 
means, and said communication means; and 
data transmission interval signal generation 
means for detecting a communication timing 
from said timing data and generating a trans- 
mitting interval signal indicative of a transmit- 
ting interval and a transmitting stop interval, 
wherein said communication means transmits 
said digital video signal only for said transmit- 
ting interval. is 

8. An imaging apparatus as claimed in claim 7, where- 
in said data transmission Interval signal generation 
means detects transmission data rate data and 
channel data from said communicatbn means to 20 
generate said transmitting interval signal. 

9. An imaging apparatus as claimed in claim 7 or 6, 
wherein said timing signal generation means stops 
generating said timing signals to stop, operations' of 25 
said imaging means, said a/d-converter. said signal 
processing circuit, and said transmitting circuit dur- 
ing said transmitting stop interval. 

10. An imaging apparatus as claimed in claim 7. 8 or 9, 30 
further comprising shutter interval control means for 
controlling a shutter interval of said imaging means 
toward a predetermined interval during said trans- 
mitting stop interval. 

35 

11. An imaging apparatus as claimed in claim 7, 8, 9 or. 
10, further comprising storing means responsive to 
said transmission interval signal for storing said dig- 
ital video signal for said t rah srnission stop interval 
and reading and supplying said digital video signal 40 
to said communication means for said transmission 
inten/al. 



transmitting said digital video signal in the presence 
of said error. 

15. An imaging apparatus as claimed in claim 13, 
wherein said communication control means detects 
a communication timing from said timing data, judg- 
ing whether said communication timing is detected 
within a predetermined condition to detect said er- 
ror, and controlling said timing signal generation 
means to stop transmitting said digital video signal 
In the presence of said error. 



12. An imaging apparatus according "to any one of 

claims 7 to 1 1 comprising display means for inform- 45 - 
ing that it is during said transmission stop interval. 



1 3. An imaging apparatus as claimed in claim 1 , where- 
in said communication control means detects an er- 
ror in said communication means, and controls said so 
timing signal generation means to stop transmitting 
said digital video signal.ih the presence of said error. 



14. An imaging apparatus as claimed in claim 13, 

wherein said communication control means judges ss 
whether said said clock signal is detected within a 
reference condition to detect said error, and con- 
trols said timing signal generation means to stop 
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(57) A communication circuit transmits the digital 
video signal to a transmission line and receives a clock 
signal and timing data transmitted through the transmis- 
sion line. The timing data indicates a communication 
timing. A timing signal generation circuit generates tim- 
ing signals from the detected clock signal to control the 
imager, the a/d converting circuit, the signaF processing 
circuit, and the communication circuit. A communication 
control circuit detects a communication timing from the 
timing data, judges whether the communication timing 
is detected within a predetermined condition (communi- 
cation error), and controls the timing signal generation 
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circuit to stop fransmitting the digital video signal when 
the communication timing is not detected within the pre- 
determined condition to prevent a fail in transmitting the 
video data. A shutter interval of the imager is further con- 
trolled toward a constant shutter interval in response to 
the communication error. The video signal is stored in a 
memory in response to the communication error and 
read if the communication error eliminated. The com- 
munication error is displayed. A system control signal 
indicative of data transmission period is generated in re- 
sponse to a received cycle start packet in accordance 
with the obtained data rate and channel timing. 
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